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Abstract 
Soil erosion process, which is affected by both natural and artificial factors ,is extremely complicated. This article 
selects SPOT5 remote sensing image, rainfall, DEM and soil data and other related material in the three gorges 
reservoir area in 1992 and the 2002, extracts soil erosion every environment factor information by using 3S 
technology, and makes stastical analyzation of the soil erosion of three gorges reservoir area, namely environmental 
topography, climate, soil, vegetation and land use ; by combining the changing trend of the various factors with soil 
erosion intensity change in the three gorges reservoir area, obtains the correlation between various environmental 
factors and soil erosion in the three gorges reservoir area ,and puts forward soil erosion control strategy in the three 
gorges reservoir area in the light of current condition of soil erosion, thus providing aided decision-making and 
support.for management department . 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
 
Keywords: Soil erosion, Environmental analysis, "3S" technology. 
1. Introduction 
Three gorges reservoir area , located in the upper-middle of the Yangtze river, whose terrain is steep, 
mountain is large, climate distribution is uneven ,rainfall capacity is great and rainfall intensity is big, (the 
average rainfall is from 1000mm to 1300mm), have the potential conditions of soil erosion;Soil primarily 
includes yellow brown soil, lime soil, yellow soil, rice soil, purple soil and soil productivity is low , thus 
providing rich material sources for soil erosion; Vegetation types are relatively complex and vegetation 
coverage is low; Agriculture focuses on planting and arable land area is 78.51u104km2 , part of which is 
sloping land of more than 25°. long-term sloping land planting, overcutting forest resources and ignoring 
water and soil conservation in developmental production results in excaberated soil erosion, serious 
ecosystem disorders, continuous land resources loss and frequent flood and drought,which bring great 
harm to the agricultural production and people's life. Soil erosion formation, intensity and disasters, all 
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resrtcited by topography, climate, soil, vegetation, land use, have very big difference. Mastering the 
characteristics of all environmental image factors is the basis of the formulation of soil erosion prevention 
strategy and the rational utilization of land resources [1].. 
2. The preparation of the data 
Soil erosion is not only one complex space-time change process comprehensively influenced by many 
factors, but also a typical multi-scale variation process. The space-time change of soil erosion is the result 
of multiple factors such as the multiple scales meteorological (rainfall), vegetation, topography, soil, land 
use. 
This research mainly collected American Landsat TM and French SPOT4 remote sensing data, and 
some related auxiliary data, and obtained derived data (Table 1) of soil erosion environmental impact 
factors through the use of 3S technology. 
This research is based on the American general soil loss equation (USLE) model [3,4], combines with 
the actual situation of the three gorges reservoir area ,and then extracts environmental impact factor 
information soil erosion through the algorithm of improving factor. This research quoted soil erosion 
runoff observation data of the three gorges reservoir area provided by remote sensing department of 
Chinese academy of sciences, corrected USLE model, deduced the correction parameter, and finally 
gained soil erosion quantitative monitoring model which is suitable for the three gorges reservoir area. 
This research calculated out the soil erosion in the three gorges reservoir area in 1992 and in 2002 
through the modified model. 
subject meaning major colletced content(raw data) derived data major obtaining means of derived data
rainfall erosion force monthly rainfall of 48 sites in1992 and
50 sites in 2002 in the three gorges 
reservoir area and its surrounding area  
Annual rainfall and 
annual rainfall erosion 
force   
Organization, statistics, computation
and spatial interpolation. 
land use human 
disturbance 
Three gorges reservoir area within the 
scope of the April 1992 September 2002 
and 30 meters resolution Landsat TM 
and 10 meters resolution - the grid data 
SPOT4 full-color remote sensing 
images. 
Statistical information 
of land use, etc. 
Based on remote sensing software 
(Ecognition) of the face of the land 
cover as method classification, format 
conversion, the statistics on the space.
topology 
 
control factor Within the scope of three gorges 
1:50000 topographic 160 zhang paper 
digital vector documents parts and. 
10 meters resolution 
1:50000 DEM, slope, 
slope length, such as 
terrain index. 
Digital, based on spatial interpolation 
DEM space operations. 
soil corrosion 
resistance 
Three gorges reservoir area range soil 
types and soil physical and chemical 
information; Papery maps, tables, digital 
vector documents and form. 
Soil organic content, 
soil can corrosion 
resistance value. 
To organize and statistical and 
computational, digital and format 
conversion. 
vegetation control factor Three gorges reservoir area range April 
1992 and September 2002 Landsat - TM 
30 metres resolution raster data remote 
sensing image files. 
Vegetation coverage, 
Vegetation coverage 
factors. 
Remote sensing information 
extraction, model computation and 
format conversion [2]. 
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3. Analysis of enviromental impact factors 
Soil erosion process, which is affected by both natural and artificial factors, is extremely complicated. 
But natural factors which play a dominant role includes weather, vegetation, topography, soil and other 
factors,while artificial factors includes reclaiming slopes, terrace, deforestation, mining and building 
roads and so on[5,6]. According to concerned regulation of the Soil and Water Conservation Technical 
Specifications, considering the different importance of all the factors and the actual situation of three 
gorges reservoir area, combining with previous research experience, this research makes soil erosion 
environmental analysis in the three gorges reservoir area by choosing rainfall, vegetation coverage, the 
terrain slope, soil into soil cane, land use types which have the greatest impact on the soil erosion in the 
three gorges reservoir area. 
3.1. . Rainfall Analysis 
The figure number and caption should be typed below the illustration in 9pt and left justified. For more 
guidelines and information to help you submit high quality artwork please visit: 
http://www.elsevier.com/wps/find/authorsview.authors/authorartworkinstructions. Artwork has no text 
along the side of it in the main body of the text.  However, if two images fit next to each other, these may 
be placed next to each other to save space, see Fig 1. They must be numbered consecutively, all figures, 
and all tables respectively. 
Natural features vertical differentiation of the three gorges reservoir area is very obvious, and 
topography fluctuation cause gradual increase of the temperature and rainfall from valley to ridges. Soil 
erosion types are different among different section domains, under the condition of the same lithology, 
slope and coverage, with the rise of altitude, soil erosion has the trend of gradual increase, and the rainfall 
varies greatly in different altitude. According to the statistics, the annal rainfall in the altitude 93 m and 
1560 m region in the three gorges reservoir area is 974 mm and 1260 mm respectively. Combined with 
topography condition, this can show that rainfall in the three gorges reservoir area is greatly affected by 
topography. Great altitude differences of the three gorges reservoir area is the leading cause of the great 
rainfall scope difference.The rainfall in the research area in 1992 and in 2002 in the three gorges reservoir 
is converted to surface precipitation, and divided into 5 grades, thus generating rainfall classification as 
shown in Fig. 1. 
   
                                      1992                                                               2002 
Fig. 1 The annual rainfall in the three gorges reservoir area 
 In 1992, space distribution of rainfall is uneven.The annual rainfall in the central area and in Jiangjin 
district is 1000 mm-1100 mm, which accounts for more than half range of the three gorges reservoir area. 
The minimal annual rainfall is in Xingshan county area, only 849 mm, while the maximum annual rainfall 
is Badong county area, 1219 mm. And the average annual rainfall in the whole reservoir is 1025 mm. In 
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2002 rainfall significantly increased from north to south. The area with rainfall of more than 1200 mm 
accounted for more than half of the total area. The rainfall in Wuxi county and Xingshan county is larger, 
with maximum of 1650 mm, while the rainfall in the southern region is less, with the minimum of 947 
mm ,and its average annual rainfall is 1203 mm. Meanwhile, soil erosion in the three gorges reservoir 
area is 10312.21 tons in 1992 and 11069.96 tons in 2002. Analysis showed that, from 1992 to 2002 
rainfall quantity increased and soil erosion increased, too. All these showed that with the increase of 
rainfall, runoff scour and eroding ability strengthens, correspondingly, soil erosion quantity will also 
increase significantly. 
3.2. Vegetation Coverage Analysis. 
The three gorges reservoir area has sparse vegetation and is the most prominent ecological 
environment vulnerable region along the Yangtze river.Within the area, average vegetation coverage is 
27.8%, vegetation coverage in the districts and counties along the river is less than 10% counties, a far 
way from our country’s goal that within 20 years, vegetation coverage reaches more than 45%. 
Vegetation coverage in the three gorges reservoir area in 1992 and 2002 is graded into five levels 
according to the ministrial standard (soil and water conservation department, 1997), which are less than 
30%, 30% ~ 45%, 45% ~ 60%, 60% ~ 75% and more than 75%. The results are shown in Fig.2. 
   
                                                1992                                                          2002 
Fig.2 The classification of vegetation coverage in the three gorges reservoir area 
Results of Fig. 2 show that the scope of vegetation coverage rate of more than 75% in the three gorges 
reservoir area is small, only accounting for 25 percent; vegetation coverage changed from 1992 to 2002; 
low density area increased from 10 percent to 21 percent and medium density coverage area is reduced. 
Comparative analysis is shown in Fig. 3. 
 
Fig. 3 Comparative analysis of vegetation coverage rate 
Since the three gorges project was carried out in 1993, water level rises and many immigrants moved 
from submerged area, reclamed waste land, destroyed the forest of vegetation .All these resulted in the 
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shrinkage of vegetation coverage rate, a major force that directly aggravated soil erosion in the three 
gorges reservoir areais .Vegetation coverage rate is closely linked to soil erosion.Overlying ananlysis of 
the vegetation coverage rate figure and soil erosion intensity level figure shows that, the vegetation 
coverage rate and soil erosion intensity level are inversely related. Therefore, in the strong erosion area in 
the low hills,planting trees and grasses is an effective means of controlling soil erosion 
3.3. Slope Analysis 
Of all factors of soil erosion, terrain factor is relatively stable and less affected by human activities, so 
it has the vital significance in the regional soil erosion process impact study. 
The mountain is high, slope is steep and valley is deep in the three gorges reservoir area. The 
topograghy height difference is very large with the largest of 2720 meters. Mountain accounts for 74%, 
hills for 21.7%, and flat ground for only 4.3 %. In order to analyze the correlation of slope and soil 
erosion in the three gorges reservoir area, according to the ministrial standard ( soil and water 
conservation department, 2008), and using GIS raster data re-classification method slope will be graded 
into five levels, namely 0° ~ 5°, 5° ~ 8°, 8° ~ 15°, 25° ~ 15°, 25° ~ 35° and greater than 35°. The range of 
different slope belongs to different level. The results are shown as Fig. 4. 
            
Fig .4 Statistical results of slope grading in the three gorges reservoir area 
The total area of the three gorges reservoir area is 57 thousand square kilometers. The steep slope more 
than 25q concentrated in the middle and eastern region, accounting for 37.3% .The gentle steep of more 
than 25q concentrated in the western areas, accounting for 62.7%. According to computation, soil erosion 
modulus in Badong County in the middle and eastern region where sleep slope concentrates is 3592 tea-
1ekm2,while soil erosion modulus in Jiangjin City in the western region where gentle slope concentrates 
is 390 tea-1ekm2. The topography becomes steeper from west to east and soil erosion significantly 
increased. Therefore, soil erosion increases with the increase of slope. 
A
rea (km
2) 
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3.4. Soil Analysis 
The soil is an internal factor that affects soil erosion and also is the important content of soil and water 
conservation research. The characteristics of soil reflect the vulnerability of the ecology. The difficulty of 
afforestation will result in the increase of soil erosion intensity. There are 16 species of soil types in the 
three gorges reservoir area. There are mainly yellow brown soil, lime soil, yellow soil, rice soil, purple 
soil and other soil types only account for a small percentage, roughly 5%. Vector data of soil types in the 
three gorges reservoir area are converted into grid (Fig. 5), which figured out the area of various soil 
types (1-14) in the three gorges reservoir (Fig. 6). 
 
Fig. 5 The soil types distribution in the three gorges reservoir area 
 
Fig.6 The area of soil types in the three gorges reservoir area 
 
Overlying the distribution figure of soil types and the distribution figure of soil erosion, and combining 
with topograghy, the analysis showed that yellow soil mainly distributed in the middle and low mountains 
of about 800 m, whose terrain is relatively gentle and erosion is lighter; Purple soil distributed in largest 
area, mainly in the slope of diagonal valley. The gradient of this kind of terrain is generally between 15q 
and 25q and its vegetation mainly sparse woodland and moderate erosion are in the majority; Yellow 
brown soil is mainly distributed in the low hills slot valley area and second bottom on both sides of main 
stream and tributary, mainly by hydraulic flush, soil erosion is mainly intense; Lime soil is mainly the soil 
where limestone mother developed, mainly distributed in the mountain areas, gravity erosion often 
happens. Rice soil is mostly distributed in low mountain valley region and some terrace area where 
artificial cultivation had been done, vegetation coverage rate is lower, soil erosion intensity is very strong; 
Therefore, soil erosion intensity of soil types tend to strengthen successfully from yellow soil, purple soil, 
yellow brown soil, lime soil,to rice soil type. 
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3.5. Land Utilization Analysis 
Distribution of land use and soil erosion distribution is closely connected.The change of land use 
method is the main reason for the change of soil erosion intensity. Human activities lead to the 
destruction and the reverse development of natural vegetation, thus inducing soil erosion produce. 
In order to analyze the correlation beween land use method and soil erosion intensity respectively 
extract land types such as woodland, thickets,grassland, farmland, paddy fields, water surface ,generate 
vector format data, and figure out the area, overly with soil erosion modulus, get an annual average 
erosion modulus and annual erosion quantity (Table 2) 
. Table 2 Annual erosion quantity of different land use in the three gorges reseroir area (t·a-1·km-2) 
land use 
Area 
[104k
m2] 
percentage of the total 
area [%] 
average erosion 
modulus [t·a-1·km-2] 
annual erosion 
quantity [104t] 
percentage of annual 
erosion quantity [%] 
woodland 1.46 25.2 550 803 5.64 
thickets 1.22 21.1 1200 1464 10.29 
grassland 1.17 20.2 2600 3042 21.37 
farmland 1.19 20.5 7500 8925 62.7 
paddy 
fields 
0.63 10.9 / / / 
water 
surface 
0.12 2.1 / / / 
total 5.79 100  14234 100 
Table 2 shows woodland, thickets, grassland and farmland respectively accounted for 40.41%, 10.29%, 
21.67%, 62.7% of the total erosion.And farmland accounts for the largest proportion with the total erosion 
of 8925×104 t·a-1·km-2. The soil erosion in woodland is mainly mild and not obvious, in the thickets mild, 
in the grassland moderate, in the farmland intense and extremly strong. The different land use in the three 
gorges area will trigger the soil erosion of different intensity. 
 
 
4. Prevention Measures 
From the analysis of environmental characteristics of the soil erosion, preventing soil erosion restoring 
and improving land productive potential, have become the major problems of the construction of the three 
gorges reservoir area.Conbining with the environmental characteristics of soil erosion in the three gorges 
reservoir area, the soil and water conservation measures are mainly ‘biological engineering’, ‘natural 
forest protection’ and ‘return farmland to forest and grassland’ [7]. 
‘Biological engineering’ is an effective method to control soil erosion. In the steep slope of more than 
25° in the three gorges reservoir area, robinia and amorpha fruiticosa,which has a developed system and 
grow very rapidly, are plant on the same contour every 5 meters,thus forming rows of ‘biological fence’ 
from the top to the bottom. The ‘biological fence’ can be used to conserve water and solid sediment. 
Reasonably improve the land use method and reduce man-made influences. 
‘natural forest protection’ and ‘return farmland to forest and grassland’ is to protect natural forest in 
the three gorges reservoir area, speed up the construction of shelter-forest system in the three gorges 
reservoir area, strengthen natural forest macro-regulation and enforcement protection, speed up the 
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construction of plantation system and effectively enhance the forest coverage rate in the three gorges 
reservoir area along the Yangtze river  
5. Conclusion 
This paper analyses the soil erosion environmental image factors in the three gorges reservoir areas, 
namely topography, climate, soil, vegetation, land use, and gets the correlation between soil erosion and 
various factors by combining the changing trend of various factors with the intensity changes of soil 
erosion monitoring results. 
Through the data processing and overlying analysis, rainfall itself has certain kinetic energy, the runoff 
has formed the ability to produce erosion.So rainfall is the important driving force of water-erosion. With 
the increase of rainfall and rainfall intensity and soil erosion correspondingly increase; Vegetation 
coverage rate and soil erosion intensity level are inversely related; Soil erosion generally increases with 
the increase of slope; Soil erosion intensity strengthens successfully from yellow soil, purple soil, yellow 
brown soil, lime soil to rice soil types. The soil erosion in woodland is mainly mild and not obvious, in 
the brush mild ,in the grass moderate and in the farmland intense and extremely strong .Different land use 
in the three gorges reservoir area will trigger soil erosion of different intensity. 
According to the environmental analysis of soil erosion, three prevention measures of soil erosion have 
been put forward in the three gorges reservoir area, namely implementation of ‘biological engineering’, 
‘natural forest protection’ and ‘return farmland to forest and grassland’. 
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